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L ABSTRACT

The aerodymamic properties of a finned model arw given for a
¥aoh numbe range frem 1 ¢o 2.5, The test vohicle is 2 ten-calibar
¥ long cono=cylinder bedy with four rectargular fins, of 8% thick wedge

sections, set in & cruoiferm configuration. Tho date wore determined
Yy firings in a spark photegraphy range.
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STMBOLS

- Axial moment of inertia
« Transverse momant of inertda
= Mach mizber
ﬂda
~ Asferance Ares (T)

= Yelooity

o 4 o X w >

= Fn span

= Pin chord

d = Model ddamster (ealider)

= Axial radius of gyration (calibers

o

2

x
H o

= Trangveroo radins of gyratien (calibsrsz)
- M
= Iramovarse angular velcoity

= Dynamdo preaswce, f_v_z
2

QLo B‘F

- Anglo of yaw
= Mamn sguared yuaw
= Alr demoity

%ﬂ

©

OOEFFICIENTS (angular undits-radisn)
»Dreg/ 38
= Yormal force/ q 84
« Duiy torce/ 8 (32)

= Tamning foree/ q 8 (gg.)

PP P

« Yaw momemt/ q Sea
= Dl moment/ § S0 (g-)
» Derping womant/ q Sc (g-%)
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INTRODUCTION

Free flight range testing provides & reuns of cbtalning the statde
and dyrardc proporties of projectiles., Historically it has been op- of
the most ageurate means of determining the total drag of spin or fiu-
statdilized projectiles in supersonic flight, Froe flight testing may
also be necessary to determine the statie force and rmoment properties
roar gonie speeda although trsse properties can usually be sdequately
detormined at supersonic and subsonio speeds by othar msans, In the
case of the dynaric forces and moments acting on the projectils only
free f1ight testiag and scme special wind tunnel instrumentations are
gvallable to yioid the desired informtien.

The Free Flight Aerodynamics Range and the Transenio Range (1, 2)
of tha Exterior Balldstica Laboratory are instruments for determinirg
data to yleld the aercdymamlio oclaractoristics of models or full soalr
missiles, The preopertles of sgveral elasses of hodles of revolutdca

kave tean investigated (2, L, 5, 6) and also gome of the charaoterigties
of fimmed gholl,

An overall imvestigation of the motions of winged and finned
projectiles of a simple type soemed advisable, The ouwrrent report is
concerned with ono pmse of the larger progrant the parfoarrance of a
firned projostile as a fumotion ¢f Mach mumber., Investigations of the

axtal {7) and the rolltng motioms (30 90 of tide medel have already
been reportod a8 has an 1addial study of tho model with slight

asymmiry 10,

It appeared that tup detarmination of static and dynamio aharaster=
istdea, timough utilisation of the ranges, emld be accomplished hest by a

study of the angular mtionl of a gymmetrie, non-rolling medel,
Accordingly, a series of models wvas designed and produced to have as
1ittle net deflection of the fin surfaces as was praoctical. The data
vbtained from these cone-oylinder models with tail fins for a Haoh
number range of 1 to 2,5 ars presented and seme of the prodlezs em-
countered in analyaing the observed mutions discussed,

1 \erodynamienlly this motion is resolved in two components: piteh,
vertically, and yaw, laterally. In ballistics the vecter sum of the
components is termed the yaw, The term pitch will usually be used
kere t0 denots the mere general ballistic yawving motion for these
models gince they are predominatalr pitshine ~otiona in the

ATON NANAC SCY0.
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The Aorodynamice Rarge

The Rangs (Fig. 1) is an enclosed firing gallery contsining L6
individual spark shadowgraph stations which record horiscntal and
vertiecal projactions of t¢he miseile ag it pasaus through them. The
time of flight is recorded on chronegraph ctunters,

The model is fired from a gun through a blast ohamber into the
range gallery., In vassing through t¢he dlast chamber the missile passes
botweer electrostatioally charged plates and o a triggaring oharge.
A6 the charged medel approaches each statien (Fig, 2) an antenna locp
bofore the station ganerates a signal vhich is amplified and delayed to
permit the medol to come to tho center of the station before the station
firea, The model is shadowgraphed in two planes and the characteristic
survey marks of the station imprinmted on the photographlic plates. These
plates yleld the basle data to determine the dnstantanecus spatial
coordinates of tho rmigsile and its angulsr orientatien; they alsec pro-
vido a graphio view of the flow field about tho medel,

Progran

Tho firing program wvao ecarried out in two phages, The first phase
consisted of the launoling of twelve medels, four each of three center
of mass positiczs, The modals with varicus mass ogenter pesitiors

wonld provido checks, through the o.m., transfomattonsl (12), far

consistency of the data and give s determinaticn of the 1ift amd damping
forees. The basic Mach number was 1,8.

Tho seoond pheso inpvolved the launohing of eighteson mocels of two
eanter of miss positioms 4n a range of Haoh mumbars from about 1 to 3,

The model configuration was ten~calibers lomg with a 10° semi-anglo
econieal nose. The cruciform tail sestion was Joeated at the base of
the body and comaisted of 8% thick wedge-airfoil sectiona with a ano-
caliber ehoxd and an overall span of three caliders (Fig. 3).

The models were launched from a special smooth bore gun with an X"
shape bore (Figs. L and 5). The model was accompanied by a sabot and
obturating wafars to perrdit launching (Figs. 3 and §),

8ome special reductions of the rcunds, and also of computed motions
wero carzied ocut t¢ agsess the variocus reducticn procedures which might
be applied to the motion of models of this type and to evaluate the
offcets of nlnoy vaelotlony from the ideal gyrimetrdce design, Theue
problems were suggested by ecarlier programs and by cwrrent work on the
present program, The meohanius of, and many of the suggestions for,

1 Appendix A
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this latter work weirs done by membeia of the Data Reducion Section
and only the resulis are discussed,

It 45 a bagic requirement of the free flizht range tochiique that
in order to study tha aerodynamic proporties, other than drag, the model
mist yaw, At the incepiden of the first ‘test phase, one of the more
promioing mothods of indueing saw with the rall gun was by mesns of
throvers installed in the "rail extensien * (Pig. L). These devices
intereept tho following sabot &5 it clears tho rmigale .ce of the axe
tension and deflect 1t to the side. If at this memer ¢the sabot ic in
ocntact with the model, some of the energy of the thrown sabot will te
delivered to the model, B8ince this force is delivered at the model
base it should result in the rodel:

8¢ yawving awvay from the direction of tho thrown sabot,
be Aattaining, ss a result of a., an acrodyramic Judp awwy
© from the sabot,
0. auquiring soms directly trunsmitted lateral veloolty in
the dirsction of the thrown sabot.,

The latter two facters tend to nullify each other, and could aeon-
calvably permit the procuction of reascnable yawing metioms without
proibitive latoral deflections of the model.

A preliminary pregranm was fired to test the feasibility of this
method for the prosent program, The reoults indicated that if the
ameunt of emergy transferred fr-wm the sabot to the medel could be
limited by, say, a2 fragile shear pin betwoem the sabot and the model,
the system could produce desirable yaws., It also indicated a marked
sensitivity tc minor variations in pin manufacture,

4 general survey of the firings is given in Table II. It sppessrs
that the sabot throvars, conpled with a shear pin, canzproduce yaw
but the system is very senmsitive to soveral variadles.® Only one
model had ingufficient yaw to yleld a reductiom but, alac, only about
8 third of the medels ware at or nesr the mest desirable yaw level,

A potentially bettar method was availablo for the second phate of
the program. This method consisted of enclesing a high stremgth magnet
in the model and lsuncihdng it through the field of a powerful electro-
magnet. Since these firings constituted the first test of 3 system of

2 Trirary omong thees verer () varlations in pin strengih (after the

large arount of machining necessary vo reduce them to the desired shear
area) (b) probable variations in the separation of the model and gabot
at the ingtant of contaet with the throwvers,




this nature gome difficulties were encountered that could te evoided
in future firings utiliaing this system,3

‘The models containsd four inca long, half inch diameter, Alnisc ¥
magnots and wero launched through an ngmm-ed nlectromagnet with a
pacimm field strength of 18 000 Gauss® (Mg, 6), In the main it pro=
vided a reliable source of yaw.

Table I gives the physical properties of the medels and Table II the
launehing conditions,

AERODINAMIC DATA
Oenaral Treatment

Trhe range dats were provessed by the uaual reduction teclmiques
&pplied W 8p ghell snd bty gspecial reduotion teckmiques set up

for this progranm ( ). Tho test data of the first group ware cbtained
in a Maoh muder region of 1,734 M £ 1.8L and al an average ysw level
up to eight degrees. Primarily these medele fwrmdshud a chegk of the
variation of the aearcdynamic properties with cmter of moaa position for
one Magh numbor and secondarily the varda*ion of some of tho ceofficients

The sgommd growp wag fired from C.98 L M 42,5 and with averags

yawg up to four degrees, These models furnished data prirarily as functdons
of ¥ach mmber. Only in tho case of the drag coefficient were com-
laticns with yaw level practieal,

Drag

The drag coeffleient, OD, i3 given: 4n Table III and 4n Graphs I
and IT as a fimetion of Hash number and yaw.

The valus of the drag coefficient descends feirly sharply from a
pealc at about M = 1.05 untdl Maoh number 1.3 and thoreafter decreases
more Slowly with inersasing Mach numcer., The porticn of the curve
near sonic velooity 1s not ae well dotermined as thn remainder since
there 16 only one .ata point below M = ],

The ysw drag coefficient decreases frem about 15.0 per radian squared
to 8.9 from a Mach nmumber of 1.k to 2.L.

I ¥rimrw szong these was the extreme variability in resictance to
damaghnstisation ameng the first lot of magnets rrocured., later
lots appearsi to be fres of this defact.

2 The theory of the Rlectromagnetic Yaw Inducer and the dstailed
results will be the subject of another report and will not bes
eonsidered here,
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Several models of the second group had stable laminar boundary
layers vver the cone and part of the cylindrical hody. Sinve the majority
of the models had turbulent layers over the whele bedy, the fricticnal
drags of the models with laminar layer. were corrected to o full tur-
bulent condition and the curve drawn for this latter state,

Yaw Mozent and Camter of Presaurse

The yaw moment derivative, G, , 18 given in Table ITI, in Oraph IV
v . :

as a funotdon of Mach number, and in Oraph ¥ as a functdon of contar of
rasg positien for M = 1,8, e movement of the center of pregsure of
the normal force as 8 finetion of Mach nurber 48 presaited in Oraph 1II.

The bohavior of the moment coefficient appears typical above M = 1.l.
A mirdmum value for the two center of mass posilions cccurs near a Maoh
number of 1,2. Below this speed the value of cH increases slightly to a
a

naximm value hetweau ¥ = 1.05 and 1 and aprears ¢o decreass sharply
subam)ucally (although this latter behavior hinges on one point below
¥=131),

The prase 1 tests indicated 8 linear variation with center of mass
pooitions for the three o0.,g. positions used at M = 1,8, The slepe of
the eurve (Oraph V) yields €y for this Mach nurber.

s

The certar of pressure appesrs to be in a raximum rearward position
near M = 1 at about 1-1/L calibers from the base and moves forward for
greator or lesser speeds. As Mach mumrber increases the o.p. moves
forward ur+til about M = 1,1, rearward until ¥ = 1.} and there begins to
meve forw .d again steadily with inoreasing Mach number. A position of
about 2,6 calibera forward of the base would be reached by M = 2,6,

Normal Force

The nermal feren coeffdiclent could be determined by two methods in
tids program, The vardation of ths yaw moment as a functicon of center
of maszs position at a given Maoh number determines the derivative of
tho normal force via tha o.m, transformation.l The transverse motion
of the center of mass of the projectile in response to the 1ift force
can 1lso be used to determine the 1ift (hence normal) ferce through an
analysis of the swervirng rotion. Both methods have advantages and
disadvantages. On the eredit side the o.m. transfomaticns involve only
physical dimemsions and the well determined moment cofficients,

However, two separate rounds are involved which cannot be exactly the
same ghape, In addition, interpolation of the moment values with
respect to Mach number 48 usually required to determine the rnrmal forese
~t A pdvon Maclk pestov,  The NP ooefriciont ls ottained from an in-

dividual round through the swerve reduction, However, this reductior is

1 Appendix B
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subjert to adverse conditions: (1) the actual displacenanmt involved ia
fmall, on the order of a tenth of an inen; (2) the swerve equaticns rely
on the accuragy ¢f the yaw determination, and since tids inwuvlves a
double intezraticn  of the yaw the sworve fitting 18 very sensitive to
gven minur anozaides in the yawing motion. Both metlods were used and
are shown in fraph VI.

The norml force coefficient, Gy » appears %o follow, qualitatively,
e :
the trand of the moment ccefficient, At about M = 1,1 e minirum Gy of
8

asbout = 25 48 reached and the value then inoreages to about - 4.9 at
M e ]l, It aprears to decresse for the lower 3peed.

Dampins Moment
The damping moment derivatives, (C}! ¢ %') are determined frem
q 3

the total damping of the yawing moticn onoe the Lift force dorivative

and the drag ccefficiant are lkaown, Fence the accuraey of the deter=- |

rinaetlon of these coefficlents hinges on the everall fitting accuracy |

of the yawing moticn and the accuracy of the determination of the 14ft |

coefficient CI, . ‘ _ \‘
(-}

Tho damping moment derivatives are a quadratic function of conter
of mags pooltion., This variation is given in Graph FII for the first
grouwp of models (M = 1.8), The least damplng ocours for a e.m. position
2,1 calivers frem the base,

(CH ¢ nnr) values are given for twu center of mass positions as a
nl

funoction of Mach mwmber in Graph VIII. The overall behavior i1s similar
for both 0., positions, The value inoreases from a large negatdive
lovel near M = 1 to en illadefined and possibly positdve value at about
X = 1.05 and thereafter decreases rapidly to & maximum negative value
at ¥ = 1,3, At highor Mach numbers there is a general “endsnay to
deorsase ln magnitunle,

Durping Foreos
The darping forue coefficlents, (QN + Cﬁ.) ean be determined by
. a a

two metheds, in munners analogous to those used to determine the 14f%
coafficient, (Cg + cﬂ.) ean be isolated by a comparison of the
q e -

10
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dmpiml moments from models with twe c.m, positiéns or from the swerve
of the individual model due to ‘he damping farces.

The acouraey with whioh the darmping moments are determined is lover
than that of the yaw moment, hencu the damping force determination from
two mozeuts 18 weaker than $he siillar procesa for the 1ift., In the
cases of determination from the sworving metien 1t should be noted that
the displacenent due t o the damping foroes 48 considerably less than
the displacement due to 1lift., In view of this it is gratifying that the
botter determined valueco from the swerve are in reasonable agreement with

o curve detormined from the damping moment.

(QE'-* CN .), evaluated at the centrodd, 1s given in Oraph IX as a
Q e
furstien of Maelt mmbeu,
Chservable Phenemena ard Variation of the Aerodyramic Propertics

A serleo of shadowgraphn ehowing the flow field at differemt Mach
oumbers s givem in Fig, 7 & 8, The relatien of the chsavel drag and
the state ol the boundary layer has been discussed, Other properties
of the changing flov pattern with Maeh number also seam to be refleeted
in definito ohanges of the various fores and mement properties, A
correiation 1o given in Table IV. In ganoral two major ohanges in thg
flow, the attachmemt of the body shoek and the attachmert of the fin
ahocé gyotem, appear to influenee all the coeffielente, The Mach
numbars asgociated with the interaction of the fin tip Mach ciune with
the bedy and with the cnset of fineon«fin interference alsc appear
to be points of change for moEn paraueters,

' In the case of tho better determined properties, the gencral
beldvior is tativ explainadble from corsideration of the model as
& sun of the prop 65 of the body aleme and the tadl almme. The momant
coefflcient may be considered as an example,

The moment cooefficiaut deorsaces with decreasing Mach number {rom
M= 2,5 % 1.k in a manner sugpesting the theoretical variation of wing
14t with Mach number, The value continues to decrease wntdl M = 1,15
but with a decreasing rate as the three dimemsional tip effects influence
rore snd mors the neighboring surfaces, At M = 1,15 the fin choek
syotem detaches and tho tail suffers a loss of lift,

1 A8 noted in Appendix A the variation of the damping moment coefficients °
13 a quadratic functien of center of mass position and involves C‘N ’ cHu’
3

and (Gﬂ + Qg.). This complicates the determination of the latter
qa e

coefficients, Hmwever, a fmmction of (G, + Cue) and G, can be

' qQ a a

constructed so that the funection varie~ ldnoarly sdth c¢com, with a
slope dirsctly related to (GN + Cs.)
q s

: 1
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The body, howsver, is still supersonic and its destabilizing moment
16 atill increasing with decreasing Mach number, Hence tis moment
coafficient incroases from M = 1,15 wntil X = 1,05 when tho body shook
detaches and equaliges matters, Below M = 1,05 the moment decreases in

magnitude,
REMARKS

The use of models designed, and carefully manmufaoctured, to produce
a pure pitehing motion in the firing range 15 a feasible methnd for
determining the statie and dynamic aemodynardo properties of a finned
rmdegile. Antually however, a considérable number of the projeectiles so
manufactured will not be perfect enough and will exidbit a rolling
motion and/or trimmed flight. In order tc yield ths best Jdata these
medols must be treated by reductions that permit rell and asymmetry,
or rmst be discardeds A8 18 noted in the Appendix B thess defects
introduce errers in the determinaticne of the yaw damping and of the
14£¢ and darmping foree from the swerving motion 4f only syrmetric
reductions and/or nonerolling reductions are used,

In the present program practical accuragy could have been
obtained by syrmetric-non-roiling reductions cn all but two rounda as
long ag it was not nuceasary to rely on the fit of thw swerving motion
to determine the 1ift, Approximatsly a third of the models required
asyrmatrio reductions to yield good 1ift coefficients from the swarve.

£ e QU

L. C. MacAllister
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FIG. 8, Flow Shadewzraphe
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AFPENDIX A
Fitting Egquations and Transformitions

The equations utilised in processing firing range data are repeated
here for converdence., Further details may be obtained from tho indieated
raferensos,

Jawing Hetiems

The equation® usually used for fitting the obaerved motion of spitming

sholl ia (12

] 1t 2
i nebng e he A

vhere p is dlstanoco along the trajectory in caldbors. 830 and ”30 are

ind¥dal constants. Ths aerodyusmlc parameters are relsied t0 e fitting
parameters as follows:

(2) kz"z“u; (B2 =4y " B - oysp # 13“1 v -9

Sglig- aysg2(fo0tnte) |
and

3 2 ,
_ (3) % - GHS "%') - G, (%)' 31-2(0}!44 %;)i—:-n:\ -(a.l-t 52)-%(::::5

and generally vith spinning shelll
) ¢z

" tt
(h -'—‘—‘—&-—.5’3 2

# 24

i Reduotden Symboley A = Gompl@yavﬁ# nv

G = Swerve, x ¢ iy, motion transverse to the msan
v trajectory
ﬂi » Bpleyelie turning rates
8 - Bpicyclic darmping rates
ISR ~
2 N°”"~*n?3 - J - k'x -2 A (1 - %) in torro of the hnl1l4atdce J factors angd
E,ln v, the sp:l.n in radians per caliber. FHence thds term should

be zero or very gmall for the presemt case,
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' te
Bquation (1) dnvelves 10 wmimowng, K 400 ﬁJO’ PR ﬂ;o, and jbd for § =1, 2,
I* can te shown that if tho gpin 4s zero and Hach number variaticn i9 neg-
ligible for the observed flight that it iu pessidle to reduce equation (1)
to 6 wimewns since

=t B = i 4 = By o

(5) Amm @t (ot I g o @2 (B - BD)
1¢, howovar, the model hss asymuetsy then a third camponemt must be
added to yieud: (19 \

(6) A= (1) txsa "f’B

Tho fitting' equaticns as origimally derived (3, 11, 1) and as
usnally utilised, ave a parturbation on the constant mdent golutden
of the diffcrmt{al equation, This perturbation term mfm&mteﬁ
uyreuiningatﬂ-uimolvingthoag aaanador:ae%uri.e.

(mn € 2 20 - «ﬁ,

1 (21 -8-9
_2

without details thenm tem mvalvoa tho moment coeffiaiert and the sp
H the damping moment coeffieients, T the nagm worent coefficient and
is a rate of chnge of spin tm. -

Aotually programs imrolving mdels with essentially soro opin,
valuas arp ob‘.u.ned for the parturbation and the rate of ohange of ths

rats torm ﬁ wvhioh seenm significant and do not sppear chargeabls to
the etfed,'.a of spin., Tho most legieal redson ramaining is variatiom
bﬁ coaffioients with Mach numbar. 7The sotual process of ths perture

tion doos not spscify what <he variatioms are, but the tﬁg mlvmg
the spin is evaluated 05 the mJjor cne for spinming shell, 4
reconsideration of the perturdutiocn terms, asswming the spin terms
are negligille, indlcates that ¢the rate of change of the moment
coeffigient with Hach numbar is probadly the major remaining term.
Practically, tkis twrm covld be of sigmificant sise only in the transomio

" reglono<but obtaining data in this 1agiom 18 ome of the fortes of free

flight range testing, The total pertwbation term (fer spin = 0) is

Appendix B
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from tho data of the presemt progrum the coofficient terms in the
denordnater arc negligible with respect to 1 and hence

~l
® §55 [ay %;J
Consldaring ?l;x rato of ochange & OH ic thes primary tutcr, then
in tersa of the ﬂd 4¢ follows that

kﬁ%{} ALY
Ix-kz'zgic
mHa
ne gy e g T C cug]
e -t do g
nn%‘g-m-ﬂ‘?
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(9) g’ - =
s AHA
and also n'?s th? relation of the
raves 51 * ﬁz u 0 (eere spin)

80 ﬁi' ¢¢;’ "0

@ Bty B e hy

10t ﬂ;-ﬁ';ﬂi"ﬂ"

then (10) beccm
_u_,u S

a ")
and hemeo Qﬂ can bo cvaluated,
a

Swerving Motien

' The equaticn fitted to the observatians of tho missiles motion
transverse to 1ts basie irajectory 48 of the follmring form when

asymeetsy 15 considered:
iy x, ¢ .‘q 8 8
1 +
( ) x—aﬂ * —1—— r a—p L]

P.
* d ivd .
Mi %“5)%0 - "'sm) Mpdp ﬁ% ((cﬂqo “s;“"‘“up;“y”
-3 op

- & %—%% [ f f‘%@@@

The last temm i8 oxitied forsmmetric reduouons, and reductions with
cho toimo dnvolving who oplu goi ogual w 3w~ avo oloo uldliscd. Caco
the yaw fit has been establiched the integral may be cvaluated by
aeveral reans ag decussed in Raf. 12. Tau subscript "g" terms are
gravity correotions, tho "¢® sabscript termy are Coriolis correstioms,

/1
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Ccnier of Mags Transfamation

In order to determine the force coefficlente from moment data or to
apply the data pertaining to cne centor of mass position to ?.gotfgr
there aro relations botwean tho coefficlente for tho eases. '9» =Y 13)
Aotoriskre reprosent tho values of a given coofficlient at a new o.g. -
position in terms of these at another pooition separatod by a distanse q
(4n oaliders, positive if the moiicn from the old to tho now is noscward)

405,
St e ) +27
@, + G)" e (G o) 22Ty
G "G T o (b
) . ¢ L N q . i -2 2 0 .
(G * 5" " (G, » 6 (6 o) o ta o,
Modified damping relatden

Eaﬂq rgu 23 ‘%)] " (G * G) 2 T (G o Gy
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AFPRRDYX B

"~ Che 6f tlo aoré sunoying points dn programs of this rature is the
P ra8tént apnsaranes of rol) and €rin that indicate that tho model is no?
pariest, YThe question alweys arises 80 to whotbor 4t 1o sufficient w0
szply the simpler me redustdms or whethar it is nacessary to
Pply the nore comp teclmiques of raductisn, In oxder to evaluste

LYoot of Slow Rolling

Tadle ¥ gives a comparison of Wo -ypes of gyrmstrio reductions on
two dctudl rounds and {tree computed moticns, The sixeunimown redustion
postilates no pin wiile the ten-minown perzits spin and varistion of
gpin., For the fao agtual womde thee wvas little or no significant
differenco between the ¢yo rodustiors. The apin leveal iavolvsd wvas
emall (1/2 deg par foot), In ¢the cate of the computod mntions an
aotual effect of about 1% error in the dazping was Ldcurred by applying
the sixeunknown reéduction wp to & roll rate of 1%/8t, (Boll rates on
the order ¢f two degreed per foot hald previcusly caufed trouble so tlat
4t was a questicon of vhat lower values vould do,)

Bffact of Irim

In crder to evaluate the affest of various trims om tb> reoulte fram
eysaotild seductions of tle yawing and swerving moticns, reductims of
wotidns with anéd without known tirim vere tried, A yaring motion wes
computed from the symmetric equatiom amd redused and a similar motden
with tric was computed and redused ignoring the trim, A swarving motion
vas computed from the symretric equnticns for this motien and for thres
different trim levels and treated by symmetric reducticus,

Table 9T shows the affest of various levels ¢f asyrmetsy an the
damping moment dets mination and on the lift and daxping' force detar-
minatden from tuo swerve, Omsiderirg the yawing rotion, twim angles
which might be just visible in the cuia (.0025 radians) produced an aeror
in the dowriny moment determimation of adout Lf, 4 trim of 005 radiams,
viich should be quita avidemt, prodniced adout a 13§ errer. %The yaw
monent coefficient wur not scricusly affected. The case of the swerving
potdon i» much more semsitive. A t=im angle ¢f 002 redisns yialded a
statistical error of 105 for the Lift coefficient from the £t (the
actual difference between imput g"a and corputed was of the order of 1%

but thls might Be Tortidtous)., 7The soie trim gave an orxdr for tae
duiging 23kos” o8sricdeets of 358 (mctual difference Lif). Bovever,

N abmra of nkont 2% orfiees] fov toirt e low ag L0005 raciong,  Heueo
1 ppeare et ermure in the 1lift determination of wp to SY and in the
daping forco wp to 105 might remdt from asyrmeetries that are not
iaxsdictaly svident in the rr- data and might gven bo olifovrad 4n a
final fit, Vizidle trims can produse marked errors ia thy 1ift and
damping foree determination from the fwerve and gay intreducs slgnificant
errors in the daxping moment determination.
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APPENDIX ©

TABLE I
Round Mach Mags A, B, Cos

Yo, No., g= gm in gr=in in from

‘ —_— — —_— —_— Lase

§

: 2588 1.602 1L7.65 13.47 551.L6 3.112
2589 1,817 147,73 13.52 552,53 3011l
2550 1.903 17.68 3.2 552,06 3.122
259% 1,78l 17,77 13,71 552,73 34109
‘ 2596 1.8 255495 26469 86L08L 2,252
} 2598 1798 255,95 25.88 859462 2,258
g 2559 1.788 2L.40 27,02 86LeLi6 2,250
| , 2591 14801 255,39 15,80 896,31 L+002
¥ 2593 o733 2L9.L8 19,87 856467 34999
i 255l Le7U5 2lg.60 19,94 897,99 L4001
9 ek 10398 227,02 20,02 013,57 3.0L5
‘ jelL7 1,26 227.15 19,78 611,52 3,056
A 3248 1.077 228,18 20,43 816,14 3.035
*’ the 2050 227,14 19499 813,72 3,051
3252 .01 227,38 20,04 s11.12 300U
3 3253 1,047 227,57 28,18 812, L 3,003
| 3284 1,506 313,82 28,60 1053.2 2,592
3255 2,032 313,11 28,90 1054.5 2,588
g 3256 1,993 312.03 28,45 10492 2.588
::2 3287 1,390 312,16 28,33 1050.3 2,598
L, 258 1,139 395 28.09 2050.2 2,599
] 3259 1,08L 313.00 28.19 2050,8 2,590
3260 1,017 313,38 28.L9 1059.2 2,597
326) 0.975 an,.n 28,21 1045,V 2.595
262 1.0LL 312,38 28,12 10L7.7 2.55C
1247 2,123 311.¢4 ?8.28 10k R 2. rod
3268, 2,L68 227.26 15.91 819.02 3,076
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Round

A T -l
l! 2588 1,80
! 89 1,83
$0 1,80

95 1,78

96 1.81

96 1,80

99 1.7

91 1.80

93 1.73

9L 1.7

mﬁ 1-@

k7 1.26

L8 1.08

1) 2.08

2 1.0

53 1.05

5 1.0

55 2,03

) 1.99

7 1:39

58 1,1

% 1,08

é0 1,02

a 0,98

1 & 1404
b 63 2,h2
G 2,47

R S Apa At vin o | S1raatens \ Lol

Ave Yau®

0.7
009
0.3
0.8
1.2
2
1.2
0.5
7ol
6.0

Le2
2,5
0.5
2,3
0.5
0sé
1.9

a
2.6
0.7
2,3

%

)
h03
0.3
1.7
0.5

TAELE I
Motrod Regnrlss
Shear Pin
[ ]
4]
-
n
"
N
Lid
]
]
Elsctro-
Hagnetdo
Yey Induosxr
"
]
n
n Fodel Magnet de=
. ragnoticed
]
L]
L] Model Magnat dee
» meanctdsed
»
L
|
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TARR 1II
FEDJCTION VALUES
- - + G, « G,
) Bomd Mach g G Gy %, (G + Gy) (0 * Gy)
_ (&eg)* e rad). “(p@ ma)
| 2588 1,802 0.4 0,616 8 (25%) 20,61 (0.7%) 266 (1Lg)
’ Ro 1,827 0.7 0.614 11 (1€3) 21,95 (0.68) 3L0 ( &%)
90 1.803 0.1 0.6LL
| 95 1,76k 0.6 0.62L 22,27 (0.6%) 230 (1L3)
. 96 1.81L 1.5 0,829 15 (1$) 9.12 (0.68) 163 (1L3)
f 98 1,798 9,6 0,61 15 (1Lg) 9481 (04L8) 216 ( B%)
X 99 1,766 1,5 0.662 15 (15%) 9456 (1.08) 178 (22%)
: 91 1,801 0.2 0,604 5 (93%) 36458 (0.6%) 5L8 ( 8%)
L 93 14733 53.4 0,873 13 (25%) 39469 (Culd) LGS ( 7%)
5 9L 1.7L5 36,2 0,777 12.6(3%) 39429 (0,05¢) 518 ( 7%)
u 3216 L3968 17.8 0.789 16.3(3.3%) 3L (0.28) 326 ( L)
B b7 1.26L 6.2 0,753 16.7(L.UK) Ll (0.28) 35 ( 3B) = 108 (Li9%)
- L8 1,077 0.2 0,895 19,0(19,58)  L0.O (0.9%) 173 (L)
E‘ L 2,050 5.0 0.526 10.3(1,3%) 16,8 (0.1%) 304 ( 38)
{ S2 1,011 0.2 0.88% 943(5645%) 37.7 (0.0%8) 5L ( %)
3 53 1,047 0.3 0,883 15.7(22,3%) 38,0 ( %) 283 ( %) = 289 (2LOR)
; SL 1,506 3.7 0,710 10.2(20,2%8) 21,8 (0.3%) 333 { 8%)
_'(; Sh 2,032 . 0.%8
: 56 1,993 6.6 0.56L 11.2( 1.4%)  10.8 (0.,0%) 265 ( %)
3 57 1,390 0.5 0,706 259 ( %)
‘ 56 1,139 5.4 0.850 17.9( L.ag)  27.8 (0.02) 151 ( %)
59 1.084 0.884 26,9 (0.0%) 138 ( %)
&€ 1,017 .0 0.900 27.8 (5.1%) 177 (35%)

61 0,975 18,4 0.893 19.6( 5.0%)  32.6 (1.3%) -91 (135%)
62 1,0LL 0.1 0,505 21.5(27.L%)  30.1 (1.7%) 170 (11%)
03 2oU23 2.9 0w’ 5.7( ') G5 (Ge04)

8L 2.,L68 0,2 C.LLY 11,7




TABLE IV

E ~ VAYWIATION OF AZROTTHAMIC PROPERTIES AND ORIERVAILE PHENOHENA
Nash Ho. Phezczenea
1.04 - Detaulment of Body Shoek
1.5 = Detachzent of Fin Shook
1.b = Bxd of interastica of £in tip fivid on body
M e End of interastien of cne £in cn its nedghboia
Propety : Haod Roder
1.0 1415 Y -
QD Haximm Avproximataly ' . ing of
and of raglen 1. ionm of
of ingroasing rpid inerease
slope with de= with decreasing
: oreasing X ) |
* Oy Ferr ion)l Near xindsmm  Appraximately
a xisrm point of mixe
dmn decrocso
;nh decrzasing
G! rossibly local mavd- To3al paxtmum Eegicn vkera
mavisgm aft wm forvard aft position rate of formard
poeitien pomitieam motion with ine
oresse of K
deorsases
* c’ 1ocal maxie Miniwom
s _ e
¢ (unq‘o u,ﬂg.) Haximom local =indmrgm loeal maximm (9)
¢ (0 ¢ Q) Hodr mini-
Q (] IR Maximm Local minionmm (?)
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TARLE v
OGHPATTOCN OF RCBUCTION TYTED
ZERD TTIM
Cace e VI -0 - 12 K¥%c, + .)] Redustaon
‘ es ° ELG D Gs %q ch T?Pe
! Cemputed: 0°/£¢ Gpin 12.233 -z.sgg ¢ unknovma
Gomputeds 0,5°/£% pin 12,21 7.1 4 wnimewns
' 1,0 2 1.3 %
Computedr 1,0%/£% Spin 12,21 7,40 6 wnimowme
1,1 ¢ 1.3 ¢
Reund 259) 39,29 55421 6 unkmowns
(Epin~i/2 °/s% 0.08¢ 0.6 %
39.22 0085 10 unlmowns
0,08% 0.7%
Round 2598 0 9.80 30,681 6 unkrowns
10,01 31,58 10 ynimevme
0.76% 8,0




\ TARLE VI

| EFFECT CF THOM OF CCEFFICIENTS OBTAINGD FIOM SYRMETIUC AV AND SVERVE
| REDUCTIONS

¢ . * .

- ——l0S - k3 €%
1., Cumputed vawing motion with 20.04 es.5L
zero trim , 0 0
2, Corputed yawing rmotien with 20,04 26,96
0,0025 rad trin 03 3.6
, 3. Yawing motion of round 25y8 _3.80 33‘3
; h. Yowing rotien of ruuad 2598 . 9.93 37.0
«005 rad trim .2 13.7

SWERVZ EETUCTION VALUES

R A

€s €g
Compute? swerving motdon with n,.LS 15,8
sar0 trim 0 ¢
W vith .COOS i 1%.%8 15207
Cozputad with ,00) trin 0.5 3.6
! Comruted with ,002 ¢rim n.g 13%-9
9 3

R e
g

i
= bt

N
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